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(54) ANHYDROUS SILVER HALIDE LAMP 




(57) A pair of electrodes 3 are provided in an arc 


According to this constitution, a long lamp life can 


tube 1 . 1/S is 20 (A/mm^) or less on a condition that an 


be obtained without causing a rise in the lamp voltage 


area of a cross section at a tip of the electrodes 3 is S 


and the blackening of the arc tube 1 by the evaporation 


(mm ^) and an operating current between the electrodes 


of the electrodes while operation time becomes longer. 


3 is 1 (A). 
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Description 
TECHNICAL FIELD 

[0001] The present invention relates to a mercury- 5 
free metal-halide lamp comprising no mercury, which is 
usable for various light sources such as general lumi- 
naries, and motor vehicle headlights combined with 
reflectors and the tike. 

BACKGROUND ART 

[0002] A lamp used conventionally for motor vehicle 
headlights has been principally a halogen lamp com- 
prising a tungsten filament. However, a metal-halide 
lamp, which is a high-pressure discharge lamp of metal 
halide, has recently been adopted for the purpose of 
obtaining a high efficiency and improving a recognition 
of white lines. 

[0003] In the above-mentioned conventional metal- 
halide lamp, rare gas, metal halide (solid matter) and, 
additionally, mercury are enclosed in an arc tube. Rare 
gas of these enclosures is enclosed principally in order 
to facilitate a starting of a lamp and to obtain a high light 
output immediately after the starting, metal halide is 
enclosed in order to obtain an appropriate light output 
during a stable operation, and mercury is enclosed in 
order to obtain a sufficiently high voltage between the 
electrodes (lamp voltage), which is required for the sta- 
ble operation of the lamp. 

[0004] A high voltage between the electrodes can 
be obtained in the lamp In operation particularly by the 
enclosure of mercury, and thereby the lamp is operated 
at a low lamp current. As a result, the heat load of the 
electrodes (Joule loss) is reduced and the lamp can be 
operated for a long time up to several thousand hours. 
[0005] A lamp appropriate for motor vehicle head- 
lights, for instance, disclosed in Japanese Unexamined 
Patent Publication No. 59-111244, is known as a con- 
crete example of conventional metal-halide lamps. The 
conventional metal-halide lamp according to the Publi- 
cation will be described below showing in Fig. 1 6. 
[0006] In Fig. 16. 101 indicates an arc tube made of 
quartz, and 102 at both ends of the arc tube 101 indi- 
cates a seal portion. 103 indicates a pair of electrodes 
made of tungsten, 104 indicates a molybdenum foil, and 
105 indicates a lead wire made of molybdenum. The 
electrodes 103 are connected electrically with an end of 
the molybdenum foil 104 sealed in the seal portion 102, 
and additionally, the lead wire 105 is connected electri- 
cally with the other end of the molybdenum foil 104. 
[0007] The tips of the electrodes 1 03 in the arc tube 
101 are disposed so that a distance between the tips, 
namely, a distance between the electrodes is approxi- 
mately 4.2 (mm). An internal volume of the arc tube 101 
is approximately 0.03 (cc). Approximately 0.7m 
g(approximately 1.1mg/cc per unit internal volume of 
the arc tube) of mercury 106; approximately 0.3 m g in 



total (approximately 12.0mg/cc per unit internal volume 
of the arc tube) of halide 107 composed of sodium 
iodide, scandium iodide and thorium iodide; and xenon 
gas with a pressure of 0.7MPa at room temperature, not 
shown in Fig. 16, are enclosed inside the arc tube 101. 
[0008] In the above-mentioned metal-halide lamp, 
the lamp voltage becomes approximately 70 to 80 V 
Consequently, for instance, in the case of operating at a 
lamp power of approximately 35W, the lamp cun-ent 
becomes approximately 0.4 to 0.5 A. 
[0009] Thus, a high lamp voltage is obtained by 
mercury. As a result, the above-mentioned conventional 
metal-halide lamp can be operated at a low current, and 
thereby this conventional metal-halide lamp has a long 
life up to approximately two thousand hours. 
[0010] As described above, the enclosure of mer- 
cury brings the increase of the lamp voltage, and 
thereby a long lamp life up to several thousand hours Is 
provided for us. 

[001 1 ] However, on the other hand, the above-men- 
tioned conventional metal-halide lamp has a disadvan- 
tage of causing high manufacturing costs frequently 
because of requiring the step of injecting liquid mercury 
for manufacturing. Moreover, in recent years, metal-hal- 
ide lamps comprising no mercury have been desired in 
consideration of the global environment 
[0012] However, if mercury is removed from the 
above-mentioned conventional metal-halide lamp, the 
lamp voltage drops to approximately 25 V. In this case, 
the lamp current in operation becomes approximately 
1.5 A, which is approximately three times as high as a 
conventional metal-halide lamp wherein mercury is 
enclosed. Consequently, the heat load of the electrodes 
(Joule loss) is increased and the evaporation of the 
electrode becomes active. Therefore, in a mercury-free 
lamp having a constitution in which mercury is merely 
removed from a conventional metal-halide lamp, the 
problem is that the arc tube is blackened in no more 
than several tens of hours and reaches the end of its life 
in a very short time. Moreover, since a distance 
between the electrodes is increased by the evaporation 
of the electrodes, the operation of the lamp changes 
while operation time becomes longer, and additionally, 
an excessive load Is caused on the driver circuit. 
[0013] Since a complete removal of mercury from a 
fluorescent lamp reduces efficiency greatly on the cur- 
rent level of technology an effort to decrease mercury is 
made; however, no mercury in a fluorescent lamp is not 
yet achieved. In addition, an effort to intend no mercury 
in a metal-halide lamp is made, and consequently, an 
electrodeless discharge lamp comprising no mercury is 
in the process of being available on the market Mean- 
while, an electrode discharge lamp comprising no mer- 
cury is still in the stage of study. 

DISCLOSURE OF THE INVENTION 

[0014] In view of the above-mentioned points, the 
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purpose of the present invention is to provide a mer- 
cury-free metal-hallde lamp wherein a long lamp life can 
be obtained without enclosing mercury and causing a 
rise in the lamp voltage and the blackening of an arc 
tube 1 by the evaporation of the electrodes while opera- 
tion time becomes longer. 

[0015] That is, it has been conventionally consid- 
ered by experience that a little lamp current is neces- 
sary for making the life longer. However, the same life 
can not always be obtained at the same current 
depending on the conditions of specifications and oper- 
ation of the lamp. The inventors of the present invention 
have found out through a long study that the Important 
factor for the lamp life is not a value of current but cur- 
rent density: and completed the present invention. 
[0016] The invention according to Claim 1 is: 

a mercury-free metal-halide lamp comprising a pair 
of discharge electrodes in an arc tube, wherein at 
least a rare gas and a metal halide are enclosed in 
the arc tube, and l/S is 20 (A/mm^) or less on a con- 
dition that an area of a cross section at a tip of the 
above-mentioned discharge electrodes is S (mm^) 
and a lamp operating cun-ent is 1(A). 

[0017] The invention according to Claim 2 is: 

a mercury-free metal-halide lamp according to 
Claim 1, wherein the above-mentioned l/S is 15 
(A/mm^) or less. 

[0018] The invention according to Claim 3 is: 

a mercury-free metal-halide lamp according to 
Claim 1. wherein a temperature at a tip of the 
above-mentioned discharge electrodes is 3200 K or 
less. 



halide and a sodium halide in the above-mentioned 
arc tube. 

[0023] The invention according to Claim 6 is: 

5 

a mercury-free metal-halide lamp according to 
Claim 5, comprising at least one of a indium halide 
and an yttrium halide in the above-mentioned arc 
tube. 

10 

[0024] The Invention according to Claim 7 is: 

a mercury-free metal-halide lamp according to 
Claim 1 or 3, comprising at least a trivalent of 
IS indium halide In the above-mentioned arc tube. 

[0025] The invention according to Claim 8 is: 

a mercury-free metal-halide lamp according to 
20 Claim 7, further comprising a thallium halide in the 
above-mentioned arc tube. 

[0026] The invention according to Claim 9 is: 

25 a mercury-free metal-halide lamp according to 
Claim 7, further comprising at least one of a scan- 
dium halide and a sodium halide in the above-men- 
tioned arc tube. 

30 [0027] The invention according to Claim 10 is: 

a mercury-free metal-halide lamp according to 
Claim 8, further comprising at least one of a scan- 
dium halide and a sodium halide in the above-men- 
35 tioned arc tube. 

[0028] The invention according to Claim 1 1 is: 



[0019] According to these constitutions, a great rise 
in the lamp voltage and the blackening of an arc tube by 
a synergistic effect of a rise in vapor pressure of a metal 
halide and an increase in a distance between the elec- 
trodes, resulting from the evaporation of the electrodes 
while operation time becomes longer, are restrained, 
and thereby a long lamp life can be obtained. 
[0020] The invention according to Claim 4 is: 

a mercury-free metal-halide lamp according to 
Claim 3, wherein a temperature at a tip of the 
above-mentioned discharge electrodes is 2500 K or 
more. 

[0021 ] According to this constitution, It Is easily pos- 
sible to start a stable discharge. 
[0022] The invention according to Claim 5 is: 

a mercury-free me^l-halide lamp according to 
Claim 1 or 3, comprising at least one of a scandium 



a mercury-free metal-halide lamp according to 
40 Claim 7, wherein the above-mentioned trivalent of 
Indium halide is at least one of iodide and bromide. 

[0029] According to these constitutions, since a 
high lamp voltage can be obtained. It is possible to 
45 make cun^ent density a low value easily and thereby to 
prolong the lamp life certainly. 
[0030] The invention according to Claim 12 is: 

a mercury-free metal-halide lamp according to 
so Claim 1 or 3, comprising an external tube for main- 
taining the above-mentioned arc tube, wherein a 
reflection layer of infrared rays is formed on the 
above-mentioned external tube. 

55 [0031] According to this constitution, since the heat 
retention of the lamp is raised, the vapor pressure of a 
metal halide rises easily Consequently, since the lamp 
voltage can be raised, it is possible to make current den- 
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sity a low value easily and thereby to prolong the lamp 
life certainty. 

BRIEF DESCRIPTION OF THE DRAWINGS 

5 

[0032] 

Fig. 1 is a cross sectional view showing a mercury- 
free metal-halide lamp in Embodiment 1. 
Fig. 2 is a graph showing a relation between the io 
current density and the rising rate of the lamp volt- 
age after operating for a hundred hours in a mer- 
cury-free metal-halide lamp of Embodiment 1 . 
Fig. 3 is a graph showing a relation among the 
operation time and the change rate of a distance is 
between the electrodes and the change rate of the 
lamp voltage in a mercury-free metal-halide lamp of 
Embodiment 1. 

Fig. 4 is a graph showing a con-elation between the 
change rate of a distance between the electrodes 20 
and the change rate of the lamp voltage in a mer- 
cury-free metal-halide lamp of Embodiment 1. 
Fig. 5 is a graph showing a relation between the 
cun-ent density and the temperature at a tip of the 
electrodes in a mercury-free metal-halide lamp of 25 
Embodiment 1 . 

Fig. 6 is a cross sectional view showing a mercury- 
free metal-halide lamp in Embodiments 3 and 4. 
Fig. 7 is a graph showing a relation between the 
enclosed amount of a trivalent of indium iodide 30 
(Inis) and the lamp voltage in a mercury-firee metal- 
halide lamp of Embodiment 3. 
Fig. 8 is a graph showing a relation between the 
enclosed pressure of xenon gas and the whole 
luminous flux in a mercury-free metal-halide lamp 35 
of Embodiment 3. 

Fig. 9 is a graph showing a relation between the 
enclosed amount of a trivalent of indium iodide 
(Inis) and the whole luminous flux in a mercury-free 
metal-halide lamp of Embodiment 3. which is oper- 40 
ated at a lamp power of 45W. 
Fig. 10 Is a graph showing a relation between the 
enclosed mount of a trivalent of indium iodide (Inl3) 
and the whole luminous flux in a mercury-free 
metal-halide lamp of Embodiment 3, which is oper- 45 
ated at a imp power of 35 W. 
Fig. 1 1 is a graph showing a relation between the 
enclosed amount of thallium iodide and the lamp 
voltage in a mercury-free metal-halide lamp of 
Embodiment 4. so 
Fig. 12 is a graph showing a relation between the 
enclosed amount of thallium iodide and the whole 
luminous flux in a mercury-free metal-halide lamp 
of Embodiment 4. 

Fig. 13 is a graph showing a relation between the 55 
enclosed pressure of xenon gas and the lamp volt- 
age in a mercury-free metal-halide lamp of Embod- 
iment 4. 



Fig. 14 is a graph showing a relation between the 
enclosed pressure of xenon gas and the whole 
luminous flux in a mercury-free metal-halide lamp 
of Embodiment 4. 

Fig. 15 is a cross sectional view showing a mer- 
cury-free metal-halide lamp in Embodiment 5 
wherein a reflection flim of infrared rays is coated. 
Fig. 16 is a cross sectional view showing a conven- 
tional metal-halide lamp. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

(Summary of each Embodiment) 

[0033] First, the summary of each Embodiment will 
be described below. 

[0034] The basic principle of the present invention 
is that it is possible to intend a longer lamp life by mak- 
ing cun-ent density lower and reducing the temperature 
at a tip of the electrodes. In Embodiment 1 , the cun-ent 
density and the temperature at a tip of the electrodes for 
Intending a longer lamp life are described. 
[0035] The first method of making the above-men- 
tioned current density lower is a method of thickening an 
electrode stick, 

[0036] The second method of making the current 
density lower is a method of raising the lamp voltage. 
Moreover, this method of raising the lamp voltage is a 
method of determining a distance between the elec- 
trodes at a large value, and a method of raising the 
vapor pressure of an enclosure (luminous substance) in 
the arc tube. In addition, the above-mentioned method 
of raising the vapor pressure of an enclosure is a 
method of using an enclosure with a high vapor pres- 
sure (such as a scandium haltde and a yttrium halide), 
and a method of raising the temperature on a wall of the 
arc tube. 

[0037] In Embodiment 2, the above-mentioned 
method of thickening an electrode stick and a method of 
determining a distance between the electrodes at a 
large value for raising the lamp voltage are described. 
[0038] In Embodiments 3 and 4, an enclosure with 
a high vapor pressure for raising the lamp voltage is 
described. 

[0039] In Embodiment 5, a method of raising the 
temperature on a wall of the arc tube for raising the lamp 
voltage is described. 

(Embodiment 1) 

[0040] Embodiment 1 of the present invention will 
be described below. Fig. 1 is a cross sectional view 
showing a mercury-free metal-halide lamp in Embodi- 
ment 1 of the present invention. 
[0041] In Fig. 1 , 1 indicates an arc tube made of 
quartz, and 2 at both ends of the arc tube 1 indicates a 
seal portion. 3 indicates a pair of electrodes made of 
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tungsten, 4 indicates a molybdenum fbll, and 5 indicates 
a lead wire made of molybdenum. The electrodes 3 are 
connected electrically with an end of the molybdenum 
foil 4 sealed in the seal portion 2, and additionally, the 
lead wire 5 is connected electrically with the other end 5 
of the molybdenum fbll 4. Hallde 7 described later and 
rare gas not shown in Fig. 1 are enclosed in the arc tube 
1 . In Fig. 1 , an area of a tip of the electrodes 3 (an area 
of a cross section at a tip in the case of a spherical tip: 
hereinafter referred to as 'a cross sectional area of the 10 
electrodes') is S, a distance between the electrodes 3 is 
L, a voltage between the electrodes 3 (the lamp voltage) 
Is V, a current between the electrodes 3 (the lamp cur- 
rent) is I, and a discharge arc is A. 
[0042] Various lamps with the above-mentioned is 
constitution were manufactured on the condition that, 
for Instance, a distance L between the electrodes Is 3.5 
to 4.3 mm, a cross sectional area S of the electrodes Is 
1 .1 69 to 1 .327 mm^ (a tip of the electrodes 3 is flat and 
its diameter 0 Is 0.25 to 0.46 mm), and a substance 20 
shown below (Table 1) is enclosed as the halide 7. After 
operating for a hundred consecutive hours in a state of 
a stable discharge arc A at a lamp power of 35 to 45W. 
the lamp voltage was measured. 



[Table 1] 



luminous substance 


diameter of cross section 
at tip of electrodes (mm) 


Scl3-Nal-Hg 


0.25 


Scl3-Nal 


0.25 


Scl3-Nal 


0.31 


Scl3-Nal 


0.46 


Scl3-Nal-Yl3 


0.25 


Sct3-Nal-lnl 


0.25 



[0043] The rising rate Rv of the lamp voltage V^qo 
after operating for a hundred hours to the lamp voltage 
Vq immediately after operating was calculated by using 
the following equation. 

45 

Rv = (V^oo-Vo)^o [Equation 1] 

Fig. 2 shows a relation between the rising rate of the 
lamp voltage and the cunrent density (the lamp cun-ent 
I/a cross sectional area S of the electrodes). An en-or so 
bar indicates an en-or of approximately 3% in Fig. 2. As 
shown In Fig. 2, the rising rate of the lamp voltage 
increases extremely when the cun-ent density is above 
approximately 20 A/mm^. In this case (such as 30 
A/mm^), a part of the electrodes 3 evaporate and the ss 
rest of them are deformed into a shape of folds. The 
blackening of the arc tube 1 Is caused by the above- 
mentioned evaporation and the maintenance rate of the 
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luminous flux is reduced greatly When the current den- 
sity Is high, the arc tends to be unstable. Meanwhile, 
when the cun-ent density is below approximately 20 
A/mm^. the rising rate Rv of the lamp voltage becomes 
below approximately 0.1 , which satisfies a general con- 
dition for non-defective unit. Furthermore, when the cur- 
rent density Is below approximately 10 A/mm^, the 
rising rate of the lamp voltage can be decreased greatly 
In these cases (such as 8 A/mm^). the electrodes 3 are 
scarcely deformed and the luminous flux Is not reduced 
by the blackening. 

[0044] The reasons why the rising rate of the lamp 
voltage increases abruptly according to a rise in the cur- 
rent density as described above are as follows. 
[0045] The lamp voltage Via is represented gener- 
ally In the following equation. 

Via oc N ^'^xL [Equation 2] 

[0046] In the equation, N indicates the particle den- 
sity in a lamp and L Indicates a distance between the 
electrodes. 

[0047] After operating the above-mentioned mer- 
cury-free lamp at a current density of approximately 25 
A/mm^ and a conventional lamp containing mercury at a 
cun-ent density of approximately 8 A/mm^, the lamp volt- 
age Via and a distance L between the electrodes were 
measured while operation time becomes longer. Next, 
the change rates of the voltage Via and the distance L 
to the con-esponding value immediately after operating 
were calculated, and the result was shown In Fig. 3. 
That is, in the case of a lamp containing mercury, the 
change rate of the lamp voltage Via and the change rate 
of a distance L between the electrodes increase slightly 
while operation time becomes longer, and on the other 
hand, in the case of a mercury-free lamp, both increase 
greatly As regards a relation between the change rate 
of the lamp voltage Via and the change rate of a dis- 
tance L between the electrodes, the gradient Is approx- 
imately 0.9 in a lamp containing mercury as shown in 
Fig. 4, in other words, the change rate of the lamp volt- 
age Via and the change rate of a distance L between 
the electrodes increase in approximately the same 
degree. Meanwhile, the gradient is approximately 2 in a 
mercury-free lamp, and the change rate of the lamp 
voltage Via increases more than the change rate of a 
distance L between the electrodes. 
[0048] The reason why the change rate of a dis- 
tance L between the electrodes increases slightly in a 
lamp containing mercury as described above is that the 
electrodes 3 scarcely evaporate. The reason why the 
change rate of the lamp voltage Via and the change rate 
of a distance L between the electrodes increase in 
approximately the same degree is that N in Equation 2 
scarcely changes since all of the enclosed mercury 
becomes mercury vapor (that is, L in the above-men- 
tioned Equation 2 changes principally). Meanwhile, the 
reason why the change rate of a distance L between the 
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electrodes increases greatly in a mercury-free lamp is 
that the electrodes 3 evaporate actively. The reason why 
the change rate of the lamp voltage Via increases more 
greatly than the change rate of a distance L between the 
electrodes is that, according to the evaporation of the 
electrodes 3« a distance L between the electrodes 
increases and simultaneously the vapor pressure of a 
metal halide rises (that is, both L and N in the above- 
mentioned Equation 2 change). In other words, it is con- 
sidered that when a distance L between the electrodes 
increases, the temperature on a wall of the arc tube 1 
rises, and the vapor pressure of a metal halide rises. 
When the spectrum was observed actually, the spec- 
trum of metal was observed to change. 
[0049] Accordingly as described above, the higher 
the current density Is, the more abruptly the lamp volt- 
age increases and the more remarkable a reduction in 
the life by the blackening of the arc tube 1 becomes. 
Meanwhile, the current density is determined at a value 
below 20 A/mm^, more preferably, 10 A/mm^, and 
thereby it is possible to restrain a rise in the lamp volt- 
age greatly and to obtain a long lamp life. 
[0050] Next, an example of using the temperature 
at a tip of the electrodes as an index of the above-men- 
tioned cun-ent density is described. That is, the higher 
the temperature at a tip of the electrodes Is, the more 
the evaporation of the electrodes is promoted. There- 
fore, a lower temperature at a tip of the electrodes 
makes it possible to obtain a lower rising rate of the 
lamp voltage and a longer lamp life. Generally, it is very 
difficult to measure the temperature of the electrodes In 
a metal-halide lamp directly. However, by means of 
using a method which the inventors of the present 
invention disclose in Japanese Unexamined Patent 
Publication No. 4-99, it is possible to remove the noise 
resulting from the spectrum of metal and to fiacilltate a 
measurement with a very high precision. 
[0051] More specifically, first, after measuring lumi- 
nances L1 and 12 of two lights with wavelengths X^ and 
X2 (for instance, X,1 =61 3nm. A2=807nm). a ratio R at the 
luminance LI to the luminance L2 Is calculated. 



life by determining the temperature at a value below 
3200 K. It Is preferable to determine the temperature at 
a value above 2500 K for starting a stable discharge. 

5 (Embodiment 2) 

[0055] A concrete method of making the cun^ent 
density lower is described. 

[0056] The cun-ent density can be made lower by 

10 thickening an electrode slick More specifically, for 
instance, the lamp cun^ent is 0.5 A in the case of a rated 
power of 35W and a lamp voltage of 70 V Then, the cur- 
rent density can be made 20 A/mm^ or less by deter- 
mining a cross sectional area of the electrodes at a 

IS value above 0.025 mm^ (the diameter is approximately 
0.18 mm in the case of a circular cross section). How- 
ever, if an electrode stick is thickened too much, the 
capacity of the arc tube to resist pressure Is reduced in 
inverse proportion to the diameter of an electrode stick. 

20 That is, a stress near a gap at a junction of the arc tube 
to the electrode stick becomes larger. Therefore, like a 
lamp for motor vehicles, when the inside of the arc tube 
has a high pressure (such as lOMPa In operating). It is 
preferable to make the diameter of an electrode stick 

25 smaller in terms of the mechanical strength. In addition, 
It Is preferable to make the diameter of an electrode 
stick smaller in order to shorten time for the starting of 
the luminous flux in starting the operation. 
[0057] The lamp voltage is raised by making a dis- 

30 tance .between the electrodes larger, and thereby the 
cunrent density can be made lower. For instance, when 
a distance between the electrodes of approximately 
4mm in a conventional normal lamp is increased to 
approximately 5 mm, the lamp voltage can be raised by 

35 approximately 25%. Therefore, it becomes easy to 
make the current density lower. However, It Is preferable 
not to make a distance between the electrodes too large 
in terms of the size of a light source when the lamp is 
used with reflectors, such as motor vehicle headlights. 

40 

(Embodiment 3) 



R=L1 (X1)/L2(A,2) 



[Equation 3] 



[0052] Next, the temperature T of the electrodes is 
calculated by using the above-mentioned luminance 
ratio R. 



T=C(iai-1/X2)/ln(Rx 
XI ^/A.2^) 



[Equation 4] 



[0053] In the Equation. C = 0.0014388 [m • K] 
[0054] Fig. 5 shows a relation between the temper- 
ature at a tip of the electrodes thus calculated and the 
current density. As shown in Fig. 5, the temperature at a 
tip of the electrodes corresponding to a current density 
of 20 A/mm^ is 3200 K, and the lamp can have a long 



[0058] An enclosure, which can raise the lamp volt- 
age by raising vapor pressure, is described. 

45 [0059] Embodiment 3 of the present invention will 
be described below. Fig. 6 is a cross sectional view 
showing a mercury-free metal-halide lamp In Emtxxil- 
ment 3 of the present invention. 
[0060] In Fig. 6, 1 Indicates an arc tube made of 

so quartz, and 2 at both ends of the arc tube 1 indicates a 
seal portion. 3 indicates a pair of electrodes made of 
tungsten, 4 indicates a molybdenum foil, and 5 indicates 
a lead wire made of molybdenum. The electrodes 3 are 
connected electrically with an end of the molybdenum 

55 foil 4 sealed in the seal portion 2, and additionally the 
lead wire 5 is connected electrically with the other end 
of the molybdenum foil 4. 

[0061] The tips of the electrodes 3 in the arc tube 1 
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are disposed so that a distance between the tips, 
namely, a distance between the electrodes is approxi- 
mately 4.2 (mm). 

[0062] An internal volume of the arc tube 1 is 
approximately 0.025 (cc). Halide 7 composed of approx- 5 
imately 0.2 m g of a trivalent of indium iodide (Inia) 
(approximately 8.0 m g / cc per unit internal volume of 
the arc tube), approximately 0.19mg of scandium iodide 
(approximately 8.0mg/cc per unit internal volume of the 
arc tube), and approximately 0.1 6mg of sodium iodide io 
(approximately 6.4mg/cc per unit Internal volume of the 
arc tube); and xenon gas with a pressure of approxi- 
mately 0.7MPa at room temperature, not shown in Fig. 
6. are enclosed inside the arc tube 1. 
[0063] The noticeable characteristic of the constitu- is 
tion of a metal-halide lamp in Embodiment 3, as com- 
pared with the constitution of a conventional metal- 
halide lamp, is that the constitution comprises no mer- 
cury, and the enclosed indium iodide is a trivalent of 
indium iodide (Inl3). 20 
[0064] The notable fact of a mercury-free metal-hal- 
ide lamp in Embodiment 3, wherein a trivalent of indium 
iodide (Inis) is enclosed, is that the lamp is operated at 
a very high lamp voltage despite no mercury. For 
instance, the lamp voltage of the lamp in Embodiment 3 25 
is approximately 55 V in the case of operating at a lamp 
power of 45W, and the lamp voltage is approximately 50 
V in the case of operating at a lamp power of 35W. 
When a lamp wherein a trivalent of indium iodide {\n\^) 
is removed from the lamp in Embodiment 3 is operated 30 
at a lamp power of 25 to 50W, the lamp voltage is no 
more than approximately 27 V. In addition, when a lamp, 
wherein a monovalent of indium Iodide (Inl) is substi- 
tuted for a trivalent of indium iodide (inl3) in a mercury- 
free metal-halide lamp of Embodiment 3, is operated at 35 
a lamp power of 35 W, the lamp voltage is approximately 
45 V, which does not reach the lamp voltage of the lamp 
in Embodiment 3. 

[0065] Thus, since a high lamp voltage is obtained 
by enclosing Inl3, the lamp in Embodiment 3 can be 40 
operated for several hundred hours or more without the 
blackening of the arc tube, namely, any substantial 
change. 

[0066] Since a high lamp voltage can be obtained 

as described above, it is possible to make current den- 45 
sity a value below 20 A/mm^ easily and to prolong the 
lamp life certainly More specifically for instance, when 
a diameter of the electrodes 3 is 0.25 mm and the lamp 
power is 35W, it is prefen-ed to determine the enclosed 
amount of Inl3 and the like so that the lamp voltage is so 
approximately 35.7 V or more. 
[0067] A mercury-free metal-halide lamp, wherein 
approximately 0.2 m g of a trivalent of indium iodide 
(Inis) (approximately 8.0 m g/cc per unit internal volume 
of the arc tube) is enclosed, is described in the above- ss 
mentioned example. As shown in Fig. 7, it is found that 
when the enclosed amount of a trivalent of Indium 
iodide (Inis) is increased, an even higher lamp voltage is 



obtained, therefore the lamp voltage affects the life 
advantageously Fig. 7 is a graph showing a relation 
between the lamp voltage and the enclosed amount of a 
trivalent of indium iodide (Inl3) in the case of operating 
at a lamp power of 35W or 45W while increasing the 
enclosed amount of a trivalent of indium iodide {\n\^) in 
a mercury-free metal-halide lamp of Embodiment 3. 
More enclosed amount of a trivalent of indium iodide 
(Inl3) brings higher lamp voltage. 
[0068] An effect of a rise In the lamp voltage by an 
increase in the enclosed amount of a trivalent of indium 
iodide (Inl3) is obtained regardless of such other factors 
as the lamp power, a distance between the electrodes, 
an internal volume of the arc tube 1 , the enclosed pres- 
sure of the Xe gas, the amount of scandium iodide and 
sodium iodide, and the kind and the amount of other 
halides enclosed with the a trivalent of indium iodide 
(Inl3). 

[0069] The lamp, wherein xenon gas with a pres- 
sure of approximately 0.7MPa = 700kPa at room tem- 
perature is enclosed, is described in the above- 
mentioned example. As shown in Fig. 8, when xenon 
gas with a higher pressure is enclosed, the whole lumi- 
nous flux increases approximately linearly. Fig. 8 is a 
graph showing a relation, under a parameter of the 
enclosed amount of a trivalent of indium Iodide (Inia), 
between the enclosed pressure (an equivalent at room 
temperature) of xenon gas and the whole luminous flux 
in a mercury-free metal-halide lamp of Embodiment 3, 
which is operated at a lamp power of 45W. The notable 
fact of a mercury-free metal-halide lamp in Embodiment 
3, wherein a trivalent of indium iodide (Inl3) is enclosed, 
is that a rise in temperature at the hotspot (an area with 
the highest temperature: the top outside of the arc tube 
1 in the case of operating the arc tube 1 while maintain- 
ing horizontally) of the arc tube 1 by an increase in the 
enclosed pressure of xenon gas is negligibly small, 
therefore there is little possibility of an expansion of the 
arc tube 1 by an increase in the enclosed pressure of 
xenon gas. 

[0070] As described above, a mercury-free metal- 
halide lamp in Embodiment 3, wherein at least xenon 
gas and a trivalent of indium iodide (Inl3) are enclosed 
in the arc tube 1 , has such a characteristic that when the 
enclosed pressure of xenon gas is increased, the whole 
luminous flux increases with little rise in temperature at 
the hotspot; and when the enclosed amount of a triva- 
lent of indium iodide (\f\\^) is increased, the lamp voltage 
increases. These effects are obtained regardless of 
such other factors as the lamp power, a distance 
between the electrodes, an internal volume of the arc 
tube 1, the amount of scandium iodide and sodium 
iodide, and the kind and the amount of other halides 
enclosed with the trivalent of indium iodide (Inl3). 
[0071] The enclosed pressure of xenon gas is 
described below. In order to obtain a lamp for practical 
use, it is preferable to determine an upper limit of the 
enclosed pressure of xenon gas at approximately 2.5 M 
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Pa (an equivalent at room temperature) in a mercury- 
free metal-halide lamp of EmtxxJIment 3. The reason is 
that if xenon gas with a pressure above approximately 
2.5 MPa is enclosed in a mercury-free metal-halide 
lamp of Embodiment 3, it is not preferable that there is a 5 
higher possibility that the enclosures inside the arc tube 
1 leak in operation near a connection portion between 
the electrodes 3 and the molybdenum foil 4. More pref- 
erably, the upper limit of the enclosed pressure of xenon 
gas is approximately 2.0MPa. Meanwhile, its appropri- 10 
ate lower limit is approximately 5 to 20kPa. which facili- 
tates a starting of the lamp. However, more preferably, 
the lower limit is approximately 0,1 MPa when a mer- 
cury-free metal-halide lamp in the present invention is 
used as a light source for motor vehicle headlights 15 
wherein a starting of light Is required in a short time. 
[0072] Next, the enclosed amount of a trivalent of 
indium iodide {\n\^) and the luminous flux are described. 
In a mercury-free metal-halide lamp in the present 
invention, more enclosed amount of a trivalent of indium 20 
iodide (\r\\^) brings higher lamp voltage, and thereby the 
lamp voltage is to the advantage of the life. When a mer- 
cury-free lamp in Embodiment 3 is used as a light 
source for motor vehicle headlights, it Is preferable to 
determine the enclosed amount of a trivalent of indium 25 
iodide (Inia) at a value below approximately 90.0mg/cc 
per unit internal volume of the arc tube. The reason is as 
follows: 

[0073] That is, the whole luminous flux of approxi- 
mately 1 1 GO (I m) is obtained at a consumption power of 30 
55W in a halogen lamp used frequently for motor vehi- 
cle headlights nowadays. Meanwhile, in a lamp in the 
present invention, as shown in Fig. 9, when the 
enclosed amount of a trivalent of indium iodide (Inia) is 
determined at a value below approximately 90.0mg/cc 35 
per unit intemal volume of the arc tube, more luminous 
flux than a conventional halogen lamp is obtained at a 
consumption power of merely 45W, whereby a more 
economical lamp is obtained. Fig. 9 is a graph showing 
a relation, under a parameter of the enclosed pressure 40 
(an equivalent at room temperature) of xenon gas, 
between the whole luminous flux and the enclosed 
amount of a trivalent of indium iodide (Inis) in a mer- 
cury-free metal-halide lamp of Embodiment 3, which is 
operated at a lamp power of 45W. As shown in Fig. 9, 45 
when the enclosed pressure of xenon gas Is 2.5 MPa 
(an equivalent at room temperature), the maximum of 
allowable values in a mercury-free lamp of Embodiment 
3. the luminous flux of approximately 1 1 00 (I m) or more 
is obtained on the condition that the enclosed amount of so 
a trivalent of indium iodide {\n\^) is approximately 90.0m 
g/cc or less per unit internal volume of the arc tube. 
When the enclosed pressure of xenon gas is lower than 
2.5MPa, for instance, 2.0MPa (an equivalent at room 
temperature), the preferable maximum of allowable val- 55 
ues in a mercury-free lamp of Embodiment 3, an appro- 
priate upper limit of the enclosed amount of a trivalent of 
indium iodide (Inl^) for obtaining the luminous flux of 



approximately 1100 (I m) or more is approximately 
70.0mg/cc per unit Internal volume of the arc tube in a 
mercury-free metal-halide lamp in the present invention. 
That is, when the enclosed pressure of xenon gas Is 
2.0MPa, the luminous flux of approximately 1100 (I m) 
or more is obtained on the condition that the enclosed 
amount is approximately 70.0m g/cc or less per unit 
internal volume of the arc tube, whereby a more eco- 
nomical lamp than a conventional halogen lamp is 
obtained. 

[0074] Similarly, Fig. 10 is a graph showing a rela- 
tion, under a parameter of the enclosed pressure (an 
equivalent at room temperature) of xenon gas, between 
the whole luminous flux and the enclosed amount of a 
trivalent of indium iodide (Inia) in a mercury-free metal- 
halide lamp of Embodiment 3, which is operated at a 
lamp power of 35W. When the enclosed amount of a tri- 
valent of indium iodide (Inls) is determined at a value 
below approximately 50,0mg/cc per unit internal volume 
of the arc tube, more luminous flux than a conventional 
halogen lamp is obtained at a consumption power of 
merely 35W. whereby a more economical lamp is 
obtained. When the enclosed pressure of xenon gas is 
2.5MPa (an equivalent at room temperature), the lumi- 
nous flux of approximately 1100 (I m) or more is 
obtained on the condition that the enclosed amount of a 
trivalent of indium iodide (\n\^) Is approximately 
50.0mg/cc or less per unit internal volume of the arc 
tube. When the enclosed pressure of xenon gas is 
lower, for instance, 2.0MPa (an equivalent at room tem- 
perature), an appropriate upper limit of the enclosed 
amount of a trivalent of indium iodide (Inia) is approxi- 
mately 40.0mg/cc per unit internal volume of the arc 
tube. That is. the luminous flux of approximately 1 100 (I 
m) or more is obtained on the condition that the 
enclosed amount is approximately 40.0mg/cc or less 
per unit internal volume of the arc tube, whereby a more 
economical lamp than a conventional halogen lamp is 
obtained. 

[0075] As described above, in a constitution of a 
mercury-free metal-halide lamp in the present invention, 
when xenon gas with an appropriate pressure below an 
upper limit of 2.5 MPa is enclosed and a trivalent of 
Indium iodide {\n\^) with an appropriate amount below 
an upper limit of approximately 90.0mg/cc per unit inter- 
nal volume of the arc tube is enclosed, it is possible to 
obtain a mercury-free metal-halide lamp most appropri- 
ate as a light source for motor vehicle headlights, 
wherein, in the case of operating at a lamp power above 
approximately 25W, there is no possibility of breaking 
the airtightness in the arc tube 1; a high lamp voltage is 
obtained, and thereby the lamp has a long life; and more 
luminous flux than a halogen lamp occurs. 
[0076] As regards a lamp power, when a mercury- 
free lamp in Embodiment 3 is operated at a higher lamp 
power, more luminous flux is obtained. However, an 
upper limit of a consumption power of a mercury-free 
lamp in Embodiment 3 is actually approximately 55W if 
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the lamp is used for motor vehicle headlights. The rea- 
son is that an operation in a range above a consumption 
power of a conventional halogen lamp is uneconomical 
and not preferable. 

[0077] Next the light color of a mercury-free metal- 5 
halide lamp in Embodiment 3 is described. In a mer- 
cury-free metal-halide lamp in Embodiment 3, when 
xenon gas with an appropriate pressure below an upper 
limit of 2.5MPa is enclosed and a trivalent of indium 
iodide (Inl3) with an appropriate amount below an upper io 
limit of approximately 90.0m g/cc per unit internal vol- 
ume of the arc tube is enclosed, it is confirmed that the 
light color of a mercury-free lamp in Embodiment 3, in 
the case of operating at a lamp power of approximately 
25 to 55W, is In a chromaticity range of the white light is 
source specified in HID light sources for motor vehicle 
headlights (JEL 215) by the Japan Electrical Lamp Man- 
u^cturers Association. That is, by means of determin- 
ing the kind and the amount of the enclosures 
comprising a trivalent of indium iodide (Inis) and a rated 20 
power as described above, a chromaticity coordinate of 
an emitted light of the lamp can be in a chromaticity 
range of the following equations In a CIE1931 x,y chro- 
maticity diagram: 

25 

X&0.310. 
XS0.500, 

yS0.150 + 0.640x, 30 
ySO.440. 
ysO.050 + 0,750x, and 

35 

ysO.382 (In the case where xsO.44). 

Accordingly, a mercury-free metal-halide lamp in 
Embodiment 3 is completely usable as a light source for 
motor vehicle headlights within the above-mentioned 40 
limited range of the enclosed pressure of xenon gas, the 
enclosed amount of a trivalent of indium iodide (Inia), 
and a lamp power. 

(Embodiment 4) 45 

[0078] Embodiment 4 of the present invention will 
be described below. The structural constitution of this 
lamp is the same as the above-mentioned lamp of 
Embodiment 3 shown in Fig. 6, and this lamp differs so 
from the above-mentioned lamp of Embodiment 3 in the 
kind of enclosed halide 7, and approximately 1.4M Pa 
(an equivalent at room temperature) of the enclosed 
pressure of xenon gas. That is, the halide 7 is com- 
posed of approximately 0.1 mg of a trivalent of indium ss 
iodide (Inia) (approximately 4.0mg/cc per unit internal 
volume of the arc tube), approximately 0. 1 mg of thallium 
iodide Til (approximately 4.0mg/cc per unit internal vol- 
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ume of the arc tube), approximately 0.19 m g of scan- 
dium iodide (approximately 8.0m g/cc per unit internal 
volume of the arc tube), and approximately 0.1 6mg of 
sodium iodide (approximately 6.4mg/cc per unit internal 
volume of the arc tube). 

[0079] The noticeable characteristic of the constitu- 
tion of a metal-halide lamp in Embodiment 4, as com- 
pared with the constitution of a conventional metal- 
halide lamp, is that, like Embodiment 3, the constitution 
comprises no mercury, and the enclosed indium iodide 
is a trivalent of indium iodide (Inia), and additionally thal- 
lium iodide is enclosed. 

[0080] The notable fact of a mercury-free metal-hal- 
ide lamp in Embodiment 4 is that the lamp is operated at 
a very high lamp voltage despite no mercury Fig. 1 1 
shows the changes of the lamp voltage in the case of 
operating at a lamp power of 35W like Embodiment 3 
while changing the enclosed amount of thallium iodide 
(Til). When thallium iodide (Til) is added, the lamp volt- 
age rises dramatically, and the more amount is added, 
the more the lamp voltage rises. For instance, the lamp 
voltage in the case of operating at a lamp power of 35W 
is approximately 70 V. Thus, since a high lamp voltage 
is obtained, the lamp in Embodiment 4 can be operated 
for several hundred hours or more without the blacken- 
ing of the arc tube, namely, any substantial change. 
[0081] Since a high lamp voltage can be obtained 
as described above, it is possible to make current den- 
sity a value below 20 A/mm^ easily and to prolong the 
lamp life certainly, like a lamp in the above-mentioned 
Embodiment 3. 

[0082] The notable fact of the lamp in Embodiment 
4 is that greatly much luminous flux of 3250 (1 m) can be 
obtained in the case of operating at a lamp power of 
35W. Fig. 12 shows the changes of the luminous flux in 
the case of operating at a lamp power of 35W like 
Embodiment 3 while changing the enclosed amount of 
thallium iodide (Til) enclosed in the lamp. As shown in 
Fig. 12, large luminous flux can be obtained by adding 
thallium iodide (Til), and the more amount of thallium 
iodide is enclosed, the more the luminous flux 
increases. 

[0083] An effect of a rise in the lamp voltage and an 
Increase in the luminous flux by an increase in the 
enclosed amount of the above-mentioned thallium 
iodide (Til) is obtained regardless of such other factors 
as the lamp power, a distance between the electrodes, 
an internal volume of the arc tube 1 . the enclosed pres- 
sure of the Xe gas, the amount of scandium iodide and 
sodium iodide, and the kind and the amount of other 
halides enclosed with the thallium iodide. 
[0084] Moreover, when the enclosed pressure of 
xenon (Xe) gas is increased, it Is found that the lamp 
voltage and the luminous flux increase further Figs. 13 
and 14 show a relation between the enclosed pressure 
of Xe and the lamp voltage or the luminous flux in the 
case of operating at a lamp power of 35W. As shown in 
Figs. 13 and 14, It Is found that the more the enclosed 
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pressure of Xe rises, the more the lamp voltage and the 
luminous flux rise. However, as described in Embodi- 
ment 3, it is desirable to determine the enclosed pres- 
sure of xenon gas at a value below 2.5MPa, more 
preferably. 2.0MPa. as well as above approximately 5 to 5 
20kPa, more preferably, approximately 0.1 MPa in terms 
of the maintenance of airtightness and an easy starting. 
[0085] As described above, a mercury-free metal- 
halide lamp in Embodiment 4, wherein at least xenon 
gas, a trivalent of indium Iodide {\n\^) and thallium iodide 10 
are enclosed in the arc tube 1, has such a characteristic 
that when the enclosed amount of thallium iodide is 
increased, the lamp voltage and the whole luminous flux 
increase as well as when the enclosed pressure of 
xenon gas is increased, the lamp voltage and the whole is 
luminous flux increase. This effect is obtained regard- 
less of such other factors as the lamp power, a distance 
between the electrodes, an internal volume of the arc 
tube 1, the amount of scandium iodide and sodium 
iodide, and the kind and the amount of other halides 20 
enclosed with the thallium iodide. 
[0086] Accordingly, In a constitution of a mercury- 
free metal-halide lamp in Embodiment 4, when xenon 
gas with an appropriate pressure below an upper limit of 
2.5MPa is enclosed and indium iodide, which is a triva- 25 
lent of indium iodide, and thallium iodide are enclosed, 
it is possible to obtain a mercury-free metal-halide lamp 
most appropriate as a light source for motor vehicle 
headlights, wherein a high lamp voltage is obtained, 
and thereby the lamp has a long life; and more luminous 30 
flux than a halogen lamp occurs. 
[0087] As regards a lamp power, like Embodiment 
3, when a mercury-free lamp in Embodiment 4 is oper- 
ated at a higher lamp power, more luminous flux is 
obtained. However, an upper limit of a consumption 35 
power of a mercury-free lamp in Embodiment 4 is actu- 
ally approximately 55W if the lamp is used for motor 
vehicle headlights. The reason is that an operation in a 
range above a consumption power of a conventional 
halogen lamp is uneconomical and not preferable. 40 
[0088] Like Embodiment 3, in a mercury-free metal- 
halide lamp in Embodiment 4, when xenon gas with an 
appropriate pressure below an upper limit of 2.5 MPa is 
enclosed and a trivalent of indium iodide (Inis) and thal- 
lium iodide with an appropriate amount below an upper 45 
limit of approximately 90.0m g/cc per unit internal vol- 
ume of the arc tube are enclosed, it is confirmed that the 
light color of a mercury-free lamp in Embodiment 4, in 
the case of operating at a lamp power of approximately 
25 to 55W, is in a chromaticity range of the white light so 
source specified in HID light sources for motor vehicle 
headlights (JEL 21 5) by the Japan Electrical Lamp Man- 
ufacturers Association. That is, by means of determin- 
ing the kind and the amount of the enclosures 
comprising a trivalent of indium iodide (Inis) and a rated 55 
power as described above, a chromaticity coordinate of 
an emitted light of the lamp can be in a chromaticity 
range of the following equations in a CIE1931 x.y chro- 
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maticity diagram: 

xeO.310, 

xsO.500. 

ya0.150 + 0.640x, 

ySO.440, 

y&0.050 + 0.750X. and 

yg 0.382 (In the case where X30.44). 

Accordingly, a mercury-free metal-halide lamp in 
Embodiment 4 is completely usable as a light source for 
motor vehicle headlights within the above-mentioned 
limited range of the enclosed pressure of xenon gas, the 
enclosed amount of a trivalent of indium iodide (Inl3), 
and a lamp power. 

[0089] An example of a mercury-free lamp wherein 
thallium iodide is enclosed is described in the above- 
mentioned Embodiment 4, and instead of the thallium 
iodide, thallium bromide (TIBr) may be enclosed or thal- 
lium chloride (TICI) may be enclosed. Furthermore, 
metal of thallium and halogen may be enclosed sepa- 
rately 

[0090] An example of a mercury-free lamp wherein 
a trivalent of indium iodide (Inl3) is enclosed is 
described in each of the Embodiments 3 and 4, and 
instead of the trivalent of indium iodide (Inia), a trivalent 
of indium bromide (InBra) may be enclosed, or a triva- 
lent of indium iodide and a trivalent of indium bro- 
mide (lnBr3) may be enclosed. 
[0091] A trivalent of indium iodide (Inis) may be 
enclosed in the arc tube 1 by separating into a monova- 
lent of indium iodide (Inl) and iodine I2. Similarly, a triva- 
lent of indium bromide (\nBv^) may be enclosed in the 
arc tube 1 by separating into a monovalent of indium 
bromide (InBr) and bromine Br2. After enclosing a 
monovalent of indium iodide (Inl) and bromine Br2 in the 
arc tube 1. both trivalent of indium iodide (Inia) and tri- 
valent of indium bromide (InBra) may be produced In the 
arc tube 1. In addition, such halides as Inl (or InBr) and 
Agl (or AgBr), wherein halogen separates easily at a 
high temperature, may be enclosed. That is. it is pre- 
ferred that the enclosures comprise InXy (X: iodine or 
bromine, y > 1 ) substantially. 
[0092] An example of a lamp comprising scandium 
iodide and sodium iodide besides xenon gas and a tri- 
valent of indium iodide (Inta) is described, and other hal- 
ides of metal may be substituted for the scandium iodide 
and the sodium iodide. 

[0093] For instance, scandium bromide may be 
substituted for the scandium iodide, and sodium bro- 
mide may be substituted for the sodium iodide. Further- 
more, other metals such as thallium may be substituted 
for scandium and sodium. The enclosed amount of the 
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20 



halides of metal is not limited to the amount in the lamp 
of Embodiment 4. 

[0094] In addition, the factors except a trivalent of 
indium halide and xenon gas, such as a distance 
between the electrodes, an internal volume of the arc 5 
tube 1, and the amount of scandium Iodide and sodium 
iodide, are mere examples described in a mercury-free 
lamp in each of the Embodiments. For instance, a dis- 
tance between the electrodes may be a value except 
4.2 (mm), and an Internal volume of the arc tube 1 1s not io 
limited to 0.025 (cc). 

[0095] In the above-mentioned example, xenon gas 
with a pressure of approximately 0.7MPa or 1.4MPa at 
room temperature is enclosed in the arc tube 1 for the 
purpose of assisting the starting. Xenon gas is appropri- is 
ate for rare gas in consideration of the utilization for 
motor vehicle headlights. In addition, rare gas except 
xenon gas such as argon gas may be used as the rare 
gas, and the enclosed pressure of rare gas is not limited 
to approximately 0.7 MPa at room temperature. 20 

(Embodiment 5) 

[0096] A method of raising the lamp voltage by rais- 
ing the vapor pressure of a metal halide after raising the 25 
temperature on a wall of the air tube Is described. 
[0097] As shown in Fig. 15, the above-mentioned 
mercury-free metal-halide lamp in Fig. 1 is maintained 
in an external tube 8. A reflection film of infrared rays 9 
is coated on the outside of the above-mentioned exter- 30 
nal tube 8. Consequently, since the heat retention is 
raised, the vapor pressure of a metal halide rises easily, 
and the lamp voltage can be raised easily Accordingly, it 
is possible to make current density a low value and 
thereby to prolong the lamp life easily. 35 
[0098] A film wherein TaOx film and SlOx film are 
coated in a multilayer by a thermal CVD method and a 
sputtering method is usable as the above-mentioned 
reflection film of Infrared rays 9. It is preferred to deter- 
mine the number of coated layers by tact time In manu- 40 
fecturing and a balance of manufacturing costs and 
lamp performance. For instance, if approximately eight- 
een layers or more are coated, an effect of a rise in the 
vapor pressure of a metal halide becomes notable. Fur- 
thermore, the reflection film of infrared rays 9 may be 4S 
coated on the inside of the external tube 8 besides the 
outside. 

[0099] Particulariy preferable examples of the 
present Invention are described In the above-mentioned 
Embodiments, and it goes without saying that such so 
descriptions are not limited matters, but can have differ- 
ent variations. A mercury-free metal-hallde lamp in 
Embodiments of the present invention is a mere exam- 
ple, and the limits of the present invention are deter- 
mined by Claims. ss 



INDUSTRIAL APPLICABILITY 

[0100] As described above, according to the 
present invention, such an effect that a long lamp life 
can be obtained without causing a rise in the lamp volt- 
age and the blackening of the arc tube 1 due to the 
evaporation of the electrodes while operation time 
becomes longer is produced by determining current 
density and the temperature at a tip of the electrodes 
below a predetermined value. Therefore, the present 
invention is serviceable in the field such as general lumi- 
naries and motor vehicle headlights. 

Claims 

1. A mercury-free metal-halide lamp comprising a pair 
of discharge electrodes In an air tube; 

wherein: 

at least a rare gas and a metal halide are 
enclosed in the arc tube; and 
l/S is 20 (A/mm^) or less on a condition that an 
area of a cross section at a tip of said discharge 
electrodes is S (mm^) and a lamp operating 
current is I (A). 

2. A mercury-free metal-halide lamp according to 
Claim 1, wherein said l/S Is 15 (A/mm^) or less. 

3. A mercury-free metal-halide lamp according to 
Claim 1, wherein a temperature at a tip of said dis- 
charge electrodes Is 3200 K or less. 

4. A mercury-free metal-halide lamp according to 
Claim 3, wherein a temperature at a tip of said dis- 
charge electrodes is 2500 K or more. 

5. A mercury-free metal-halide lamp according to 
Claim 1 or 3, comprising at least one of a scandium 
halide and a sodium halide In said arc tube. 

6. A mercury-free metal-halide lamp according to 
Claim 5, comprising at least one of an indium halide 
and an yttrium halide in said arc tube. 

7. A mercury-free metal-halide lamp according to 
Claim 1 or 3, comprising at least a trivalent of 
indium halide in said arc tube. 

8. A mercury-free metal-halide lamp according to 
Claim 7, further comprising a thallium halide in said 
air tube. 

9. A mercury-free metal-halide lamp according to 
Claim 7, further comprising at least one of a scan- 
dium halide and a sodium halide in said arc tube. 
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10. A mercury-free metal-halide lamp according to 
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Claim 8, further comprising at least one of a scan- 
dium halide and a sodium halide in said arc tube. 

11. A mercury-free metal-halide lamp according to 
Claim 7, wherein said trivalent of indium halide Is at 5 
least one of iodide and bromide. 

12. A mercury-free metal-halide lamp according to 
Claim 1 or 3, comprising an external tube for main- 
taining said arc tube; io 
wherein: 

a reflection layer of an infrared ray is formed on 
said external tube. 
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Fig. 11 
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Fig. 12 
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Fig. 13 
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Fig. 14 
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